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Description 

The present invention relates to ocular hypotensive agents which contains 13,14-dihydro-15-keto- 
prostaglartdins. 

5 Prostaglandins (hereinafter refenred to as PGs) is the name given to the group of fatty acids which show 
various physiological activities and which are contained in human and animal tissues and organs. PGs 
essentialfy contain the prostanotc add siceleton of the following fonnula: 
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15 



20 




Some synthetic products may also contain ttie alwve skeleton with some modification. 

PGs are classified into several types according to their five-memt>ered ring, for example. 
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prostaglandins of the A series (PGAs): 

Prostaglandins of the B series (PGBs): 

Prostaglandins of the C series (PGCs): 

Prostaglandins of the D series (PGDs): 



Prostaglandins of the E series (PGEs): 



OK 
OH 



Prostaglandins of the F series (PGFs): and 



OH 



55 Prostaglandins of the J series (PGJs): 
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Further, they are classified into PQis containing 5,&-single bond: 



4 ^COOB ( a-chain) 

PCS 

II l2^^14Sr (ei>-chain) 



PGbs containing 5.&^out>)e bond: 



08 



15 



^ J>^t"^^4==^^<r^^^^ (a-chain) 
^ ' PCS 
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12 



^ifV^l^^^^^ls'^^ (6>-chain) 
OH 



and PGsS containing 5.6-and 17,18-double bonds: 



30 



OU 



PQs are known to have various phanmacologicai and physiologicai activities, for example, vasodilation, 
induction of inflamnuttion, platelet aggregation, contraction of uterine muscle and enteron contraction. 
35 However. PGs also possesses various other activities. Therefore there are some problems in their use as 
n>edidnos. That is, when PGs are administered to obtain a single pharmaceutical activity, they often exhibit 
other activities as side effects. Accordingly, tfie investigations of PGs as a medicine have aimed to enhance 
their the nrwun pharmaceutical activity. However, tftese investigations have been insufficient. 

Among PGs, for example, PGAs, PGDs, PGEs. PGFs are knovm to possess ocular hypotensive 
40 potency. 

For example, it Is disclosed in Japanese Patent Application KOKAI NO. 14ia^1984 (claiming a priority 
based on U.S. Ser. No. 374165 (1982) by t^aszlo Z. Bite) that PGF2 has a high ocular hypotensive activity 
and that IS-keto-PQFja also the activity though to a reduced degree. Further Japanese Patent Application 
KOKAI No. 66122/1988 (claiming priorities based on three U.S. Ser. Nos. 839056 (1986). 892387 (1986) and 

45 022046 (1987)) discloses that PGA. PGB and PGC can be used for a treatment of glaucoma. 

However, when these PGs are applied topically to rablMt eyes, they produce a transient ocular 
hypertensive response. Pronounced conjunctival arxi iridal hyperemia, and further side effects such as 
lacrinrwtion, eye mucus and lid closure are also observed. Accordingly, there are some problems associated 
with tt>e use of PGs as remedies for glaucoma or as ocular hypotensive agents. 

so On the other hand, PGs wf^erein the carbon atoms at the 13-14 positior^s are saturated and the carbon 
atom at the 15 position forms a cartxxiyt group are found to exist in human or animal metabolites. These 
13,14-dihydro-15 keto-prostaglandins (hereinafter referred to as 13.14-dihydro-15-keto-PGs) are known to be 
naturally produced by enzymatic metabolism of the conresponding PGs in vivo. These 13,14-dihydro-l5- 
keto-PGs have been reported as not exhibiting the various physiological activities that PGs possess and to 

55 be pharmacologically and physiotogically inactive metabolites (see Acta Physiologica Scandinavica. 
p.509 - (1966). 

According to the present invention there is provided Itie use of 13,14-dihydro-15-keto-prostaglandin A. 
B. C, D, F or J for the manufacture of a medicament for tfie treatment of ocular hypertension. 
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tt has been found the compounds defined in the preceding paragraph cause intraocular pressure 
reduction without the transient ocular hypertensive response that PGs usually show. Further, among 13.14- 
dihydro-15-keto-PGs, (as either the cartioxylic acid, salt, or ester) compounds having a 2,3-double lx>nd. or 
a 5,&^le bond, or compounds having substituents at any of C-3, C-6. C-16, C-17, C-19 and/or C-20 

5 positions, or compounds having a lower alkyl or hydroxyallcyl group at the C-9 and/or Oil position instead 
of the hydroxy! group, possess enhanced ocular hypotensive potency. These 13.14-dihydro-15-keto-PGs 
may exhitMt an ocular hypotensive effect without transient ocular hypertensive response, and with at)solute(y 
no or extremely reduced side effects such as hyperemia. Further, we have found that these 13.14-dihydro- 
15-ketoPGs are accompanied with no or extremely reduced peculiar central and peripheral physiological 

10 activities wfUch are caused l>y PGs, and further they have no effects on errteron, trachea or t)ronchus which 
are characteristic of PGs. 

In the present invention. 13,14-dihydro-15-keto-PGs means PGs in which the carbon atoms at the 13-14 
positions are saturated and the cart>on at the 15 position forms a cartxxiyl group. 

In tfws description, 13,14-dihydro-15-lceto-PGs are named as follows, viz the carbons constituting the a- 
15 chain, co-chain and 5-memt)ered ring are numbered according to the t>asic skeleton as foltows: 



That is. in the basic skeleton, the constituent carton atoms are numt>ered in such a way that the cartKixylic 

acid cartx)n atom is C-1. the ot-chain contains C-2 - C-7. (the ruimt>er irKxeasing toward the ring), the five- 

n>ambered ring contains G-8 - C-1 2. and the «-chain contains 013 - C-20. When there are fewer than 7 

cartjons of the a-chain, the numt«rs of the cart>ons foltowing C-2 shouW be simply eliminated from 2 to 7 in 
30 this order, and wften more than 7, the compound Is named such that the 'increase* is named as a 

substituent on the cart>on at tfie 2 position. When the c»-chain contains fewer cartxsn atoms, they should bo 

numbered conrespondingly smaller than 20. and when more than 8. tiie cartxxi atoms at the 21 position and 

thereafter shouki be regarded as a substituent. As configuration, it is considered according to that of the 

atx)ve essential skeleton unless otherwise descrit>ed. 
35 For example. PGD, and PGF mean compounds having a hydroxyl group at the C-9 and/or C-11 

positions. In the present invention, PGs include compounds having a group other than hydroxyl group on 

the C-9 arxl/or C-11 positions, such compounds being named as 9-dehydroxy-9-sut>stituted or 11- 

dehydroxy-11 -substituted compounds. 

13.14-Dthydro-15-keto-PGs used in the present invention may be 13,14-dihydro-15-keto-PGiS contain- 
40 ing a 5.6-singIe bond. 13,14-dihydro-15-keto-PG2S containing a 5,6-doubte Ixjnd, 13.14-dihydro-15-keto- 

PGaS containing both 5.6- and 17.18-dout>le bonds may bo used. 

The typk:al examples of the 13.14-dihydro-15-keto-PGs used in the present invention are shown below: 

1 3,1 4^hydro-1 5-keto-PGAi s, 13.14-dihydro-1 S-keto-PGAjs. 

1 3,1 4-dihydro-1 S-keto-PGAa s, 1 3. 1 4-dihydro-1 5-keto-PGBi s, 
45 13.14^ihydro-15-keto-PGB2S, 13,14-dihydro-15-keto-PG83S, 

1 3,1 4-dihydro-1 &-keto-PGCi s. 1 3,1 4-dihydro-1 S-keto-PGCz s. 

1 3,1 4-dihydro-1 5-keto-PGCs s. 1 3,1 4-dihydro-1 5-keto-PGDi s, 

1 3.1 4-dihydro-1 S-keto-PGPzS. 1 3.1 4-dihydro-1 S-keto-PGDs s. 

1 3.1 4-dihydro-1 5-kotD-PGFi s. 1 3.1 4-dihydro-1 5-keto-PGF2 s, 
50 13,14-dihydro-15-keto-PGF3S, 13.14-dihydro-15-keto-PGJiS. 

1 3.1 4-dihydro-1 5-keto-PGa2S, 1 3,1 4-dihydrD-1 S-keto-PGJaS. 

These 13.14-dihydro-15-lceto-PGs show strong ocular hypotensive potency without showing transient 

ocular hypertensive response. Further, side effects such as pronounced conjunctival or iridal hyperemia. 

lacrimation, and lid ck»sure are either not present or are extremely reduced. Accordingly, these 13,14- 
55 dihydro-15-keto-P(3S are extremely effective as ocular hypotensive agents. Further, depending on such 

ocular hypotensive effect, they may be used for glaucoma therapy. 

In the present invention, the ocular hypotensive effect is especially profxxjnced in prostaglandins of the 

general formula: 
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Cll 



10 [wherein, A is 



75 




or 




0 



20 (in which R is hydroxyl, hydroxyalkyi or alltyl); 

Y is a saturated or unsaturated Cz-* hydrocarbon chain (some of the carbon atoms constituting the 
hydrocartx>n chain may form a cartx>nyl group, and the hydrocartxxi chain may be substituted with one or 
more atoms or groups); 

Z is a Ci-io saturated or unsaturated hydrocarbon forming a straight-chain, branched-chain or ring (the 
25 hydrocartx)n n\ay be suttstitued with atonos or groups)] or physiologically acceptable satts derived from the 
general fonmula II] or those having an esterified carboxyl group. 

A saturated or unsaturated Cs-* hydrocartx>n chain Y includes a straight hydrocarbon chain such as an 
alkyl. allcenyl. and alkynyl. A hydrocartxxi chain with 6 cartwns is preferred. 

Examples of an urtsaturated hydrocartwn chain Y include, for example. PGs in which the carbons at the 
30 2-3 positions or 5-6 positions are joined by an unsaturated tKtnd. 

Some of the cartx>ns forming ttie hydrocartx)n chain Y may form a cart>onyl group. A typical example 
includes 6-keto-PQi s wfieretn the cartxxi at the 6 position constitutes a cartxxiyl group. 

The hydrocarbon chain Y may be substituted with one or more atoms or groups. Such atoms or groups 
include, for example, a halogen atom such as a fluorine, chlorine or bromine atom; an alkyl group such as 
35 n^ethyl, ethyl; a hydroxyl group. A typical example is one or more alkyl groups at the 3-cartx)n atom, 

2 means a Ci-to saturated or unsaturated hydrocarbon group. The hydrocarbon itself may iorm a ring 
or may be substituted with one or more atoms or groups. 

As the hydrocartxm grtxjp Z, a C3-3 straight chain is particularly preferred. A hydrocartK>n group with 
five cart»ons provides PGs with an w-chain having eight cartoons. Accordingly, as de$crit)ed atxjve. a 
40 hydrocartx)n Z having more than 6 cartxxis is assumed to provide a substituent at the 20- carton atom in 
the «r<:hain (eg, a hydrocarbon having seven carix)r)s provkles 20-ethyl-P(3S). 

The unsaturated bond fif present) may be at any position in Z. However, it is preferred that Z is 
unsaturated. Examples of the hydrocartxxi Z forming a ring include a cyck>-pentyl or cyclohexyl group in 
which the cart>ons at 16 or 17 position in the ^-chain may l>e part of the ring. 
45 Z may be sut>stftuted with one or more atoms or groups. Such atoms or groups include a halogen atom 
such as a fluorine. chk)rine or t>romine atom; an alkyl group such as a methyl, ethyl, isopropyl or 
isopropenyl group: an alkoxy group such as a methoxy or ethoxy group; a hydroxyl group; a phenyl group: 
and a phenoxy group. The position of the substituent atom(s) or group(s) is not limited, but typically, they 
may be at 16, 17, 19 arKl/or 20 position in the w-chain. Particulariy preferred are compounds having one or 
50 two of the sanr^ or diffierent atoms at the C-16 position, for example, a hak>gen atom such as a fluorine 
atom or a substituent for example, an alkyl group such as a methyl, ethyl, hydroxyl phenyl which may 
contain one or mora substituents, benzyl phenoxy. or cycloalkyi group such as a cyclopentyl or cyclohexyl 
group which contains the C-16 position as a constituent; compounds fiaving an alkyl group such as methyl 
at the C-17 or 019 position; and compounds having an alkyl group such as a methyl, ethyl, isopropyl. 
55 isopropenyl or alkoxy group such as a methoxy, ethoxy or propoxy group at the C-20 positk>n. 

PGs may Include tUe compourvls PGD. PGF whkii contain a hydroxyl group at the C-9 and/or C-1 1 
position. In tfie present invention, PGs further include the compounds having a hydroxyalkyi or alkyl group 
instead of the hydroxyl group at tfie 09 arxl/or C-11 position. Accordingly, ttie 13,14-dihydro-15-keto-PGs 
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of the present invention include the compound of the general formula [t], wherein R is a hydro- v . 

hydroxyalkyi or alky I group. Such a hydroxyalkyi group is preferably a hydroxy methyl or 1-hydroxyethy!. l- 

hydroxyethyl or 1-methyM-hydroxyethyl group. As the alkyi group, a tower alkyi group, especially a n> •! yl 

or ethyl group is preferred. 
5 The conligitfatton of R for the cart>on at the 9 and/or 1 1 posHion may be a. ^ or mixture thoreof . 

PGs of the present Inventton may be salts or esters. Such saHs include physiok}Qk:ally acceptable s^jMv. 

for example, those of an alkali metal such as sodium, potassium; those of an alkaline earth metal sucti : s 

calcium, magnesium; those of an ammonium salt such as ammonia, methylamine, dimethy lamina. 

cyciopentylamine. benzylamine. piperidine. monoethafK4amine, diettianolamine, mononnoth;;- 
10 nK>noethanolanf^. tnxnethamine, lysine, and tetratkylammonium salt. Such an ester Includos, tc: ■« 

example, methyl, ethyl, propyl, butyl, tsopropyl. t-butyl. 2-ethylhexyl. straight or branched-chain alkyi osinr 

whkii may contain an unsaturated bond; for example, ester having an alicyclic group such as a cyclopropyi. 

cyclopentyl or cyctohexyl group; an ester containing an aromatic group such as a benzyl or phenyl grot-p 

(wherein the aromatic group may contain one or more substituents); a hydroxyalkyi or alkoxyalkyl estr v 
IS such as a hydroxyethyl, hydroxyisopropyl. polyhydroxyisopropyl, methoxyethyl. ethoxyethyl or fn-.i^r . 

yisopropyl group; an alkylsilyl ester e.g., a trimethylsilyl or triethylsiiyi esten a tetrahydropyranyl eslor. 

Preferred esters Include, for example, a straight or brancfted lower alkyl ester such as a methyl, ethyl, 

propyl, n-butyl. tsopropyl or t-lxityl esten or a benzyl ester, a hydroxyalkyi ester such as a hydroxyothyl or 

hydroxyisopropyl ester. 

20 The cartwxyl group at the 0-1 posttkxi of 13,14-dihydro-15-keto-PGs of the present invention roriy ho 

any of the above descrit>ed groups. Among them, esters, especially the Ci alkyl ester are preforrod. 
13,14-dihydro-15-keto4*Gs of the present invention may include the isomers of the atxjve compoui»ds. 

Exannples of such isonners include keto-hemiacetal tautomers t>etween the Cc-cartjonyl and Ce-hydrovy!. -r 

the Cn-hydroxyl and Cis*cartx>nyl; optical isonws; and geometrical isonners. 
25 Keto-hemiacetal tautomers t»6tween the Cn-hydroxyl group arKl Cis-cartxinyl may be readily tor mod 

especially in 13.14-dihydro-15-keto-PGEs having an electrophilk: group such as a fluorine atom at tho c 

position. 

A mixture of the isomers, for example, a racemk: mixture, tautomers of hydroxyl compound ar.rt 
hemiacetals may show similar effect as that shown by the respective compound. 

30 In the present inventkMi. especially preferred 13,14-dihydro-15-keto-PGs contain a 5.6-single or doiiblD 
bond, or a cartwnyl group at the C-6 position. Other prefenred compounds are 13.l4-dihydro-l5-keto-PGi: 
having 20-24 cartxm atoms. Still otfier preferred compounds are 13,14-dihydro-15-kelo-PGs wheroin tiio 
cartxxi atom at the 16 positkxi is substituted with a halogen atom or an alkyl group. Further prett^rrod 
compounds are 13-14-dihydro-15-keto-PGs tiaving more tfwn 20 cart>ons and an alkyl group at C r.i 

35 position. 

Partk^ularly. the compounds having a Ci-* alkyl. (for example, a methyl, ethyl, propyl or butyl group) g: 
the O-20 position (le having a prolonged <.rchain) show enhanced ocular hypotensive effect with little i : . 
effects such as hyperemia. Accordingly, such compourtds are preferred. 

That is. in 13.14-dihydro-15-keto-PGs used in the present invention, those having an alkyl group at :^ : 
40 C-20 posftk>n provide a particularly beneficial result irrespective of the structure of the five-mem t>ered ri ^. 
or ttie existence of double bond or other substituents. Particularly, those wherein the alkyi group is cu, : 
(wherein the tfK:hain contains a Cio straight chain) show the most pronounced ocular hypotensive ■ ; , 
scarcely showing side effects such as hyperemia, thereby providing the most preferable product 3 
whole. 

45 \nthe present inventton, PGs are named according to the prostanok: acW skeleton. If named accorclinr ; 
to lUPAC. for example. PGFia corresponds to 7-[(lR.2R,3a5S)-3.5-dihydroxy-2-[(E)-(3S)-3-hydroxv , 
octenyl}-cyck)pentyl}-heptanoic add; PGfia, (Z)-7-{(1F»,2R,3R,5S)-3.5-dihydroxy-2-[(E}-(3S)-3-»iydfO>y ; 
octenyl)-cyck)pentyl}-5-heptanoic ackJ; 13,14-dihydro-15-keto-20-ethyl-PGF2a isopropyl ester, isopropyf ; ) 
7-((1 R^.3R,5Sh3.5-dihydroxy-2-K3-oxo-lKlecyfKyck)pentyl}-hept-5-en^^^ 1 3.1 4-dihydro-l 5-kcio ; 0- 

50 nr>ethyf-PGF2a methyl ester, methyl (Z)-7^(ia2R.3R,5S)-3.5KJihydroxy-2-{3K)xo-1-nonyl)-cyclopentyn ^ 
S-enoato, Other PGs may also be reamed in tt>e same way. 

13.14-dihydro-15-keto-PGs of the present invention include isomers of the above compounds. Exrunp! 
of these isomers include keto-hemiacetal tautonrrars between the C-6 cartxwiyl and C-9 hydroxyl gro».; s u 
the C-11 hydroxyl and 0-15 cartwnyl groups; optical isomers; and geometrical isomers. 

55 The keto-hemiacetal tautomers t)etween the C-11 hydroxyl and 0-15 cartx>nyl groups may t>e rc.i. 
formed, for example. In the case of 13.14-dihydro-15-keto-PGs which contain one or more eloctrop/ " v 
groups such as a fluorine atom at tfte 16 positton. A mixture of isomers (for example, a racemic mixture 
mixture of tautomers of the hydroxy compourxl with hemiacetals) sfiows a similar effect as that sUo^ r- , 
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the respective compound. 

The above 13.14-dihydro-15-keto-PG$ of the present invention may be prepared according to li - 
methods described, for example, in Japanese Patent Application Nos. 63-18326. 63-18327 and 63-1 oa^^^ 

In the process for preparing 13.14-dihydro-15-ketOKX)mpound: 
5 A commercially available (-)-CorBy lactone, which is used as a starting material, is subjected to Collins 
oxidation to give an aldehyde. The aldehyde Is allowed to react wHh dimethyl (2-oxoalkyl) phospiiort^tc; 
anion to give an a,^- unsaturated ketone, and the resultant product is reduced to ketone. The cartx.nyi 
group of the ketone is allowed to react with a dtol to give a ketal (and is thereby protected), then n 
corresponding alcohol is obtained by elimination of the phenylbenzoyt group, and the resulting hydro. / 
10 group is protactad with cfihydropyran to give a tetrapyranyl ether. Thus, precursors of PGs wherein H-r^ . 
chain is 13.14-dihydro-15-keto-aikyl can be obtained. 

Using the above tetrapyranyl ether as a starting material. 6-keto-PGis of the formula: 



15 



20 



30 



35 



SO 



55 



\ \ 
C 



may t>e obtained as folkyws: 

The tetrapyranyl ether is reduced using for example diisobutyl aluminium hydride to give a lactol, which ; 
allowed to react with a ylide obtained from (4-cart>oxybutyl)triphenylpho3phonium bromide, and the result =!• i 
25 product is subjected to esterification followed by cydization, combining the 5.6-double bond and the C 
hydroxyl group with NBS or iodine, providing a halide. The resultant product is subjected to c- ; 
hydrohak>genation with for example DBU to give a 6-keto compound, whfch is subjected to Jones oxidniin i 
fdkmed by deprotection to give the desired compound. 
Further. PGbs of the fonnula: 



CH, 

CH = CH 



n)ay t)e obtained as foUows: 

The above tetrapyranyl ether is reduced to the lactol, which is altowed to react with a ylide obtair>ed ff v 
40 (4-carboxytKityl) triphenylphosphonium bromide to give a carboxyfic acid. The resultant product is ?: ' 
iected to esterification foltowed by Jones oxidation and deprotection to give the desired compound. 
In order to ot}tain PGi s of the formula: 



-cii, cn, 

Cil, 



using the atx)ve tetrapyranyl ettier as a starting matertal. tfie procedure described above for forming PO7 
tfie formula: 

ClU 

\. s / 

^ CII = CH 
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is followed and the 5,6-double bond of the resulting compound is subjected to catalytic reduction followed 
by deprotection. 

To prepare 5,&<1ehydro-PQ2S containing a hydrocartx>n chain of the fonmula: 



is subjected to 1.4-addition with 4B-t-butyldimethylsilyloxy-2-cyclopenten-1-one, and the resulting copper 
enolate is reacted with 6-caft>oalkoxy-1-iodo-2-hexyne or a derivative thereof. 

PGs containing a methyl group instead of a hydroxy group at the C-11 position may be obtained as 
follows: PGA obtained by Jones oxidation of the hydroxy group at the C-9 position of the 11-tosylate is 
allowed to react with a dimethyl copper complex to give 11-<Jehydroxy-11-methyl-PGE. Alternatively, an 
alcohol obtained after elimination of p-phenylt>enzoyl group is converted to a tosylate. An unsaturated 
lactone obtained by DBU treatment of the tosylate is converted to a lactoL After inti'ocluction of an a-chain 
using the Wittig reaction, tf»e resulting alcohol (C-9 position) is oxidized to give PGA. PGA is allowed to 
react with dimethyl copper complex to give 11-<lehydroxy-11-methyl-PGE. The resultant is reduced using 
sodium Ixjrohydride and the like to give 11-dehydroxy-11-methyl-PGF, 

PGs containing a hydroxymethyl group instead of a hydroxyl group at the 011 position are obtained as 
follows: 11-dehydroxy-11-hydroxymethyt-PGE is obtained by a benzophonor>e-sensitized photoaddition of 
mettianol to PGA. The resultant Is. for example, reduced using sodium borohydride to give 11-dehydroxy- 
1 1 -hydroxymethyl-PGF. 

16-Ruoro-PGs may be obtained using dimethyl (3-fluoro-2-oxoalkyl) phosphonate anion in the prepara- 
tion of an a.iS- unsaturated ketone. Similarly, 19-methyl-PGs may be obtained using a dimethyl (6-melhyl-2- 
oxoalkyl) phosphonate aruon. 

The present invention is not to be construed as limited to the above descrit>ed preparative methods. For 
example, other procedures for protection, oxidation, and reduction may be employed. 

13,14-Oihydro-15-keto-PGs of the present invention can be used for animal and human treatment, and. 
in general, used for systemic or kxaJ application by oral administration, intravenous injection, sufccutaneous 
injection, suppository, collyrium, and oculentum. The dosage varies depending on factors such as type of 
patient age, weight conditioris, therapeutic effect administration route, and treatment time. 

The solid composition for oral administi-ation of the present invention includes, for example, tablels. 
preparations and granules. In such a solid composttk)n. one or more active ir>gredients may be mixed with 
at least one inactive diluent for example, lactose, mannitol, glucose, hydroxypropyl cellukjse. microcrystal- 
line cellulose, starch, polyvinyl pyrrolidone and magnesium aluminate metasilk:ate. Accord ir^ to the usual 
work-up, tt>e composition may contain additives other than an inactive diluent for example, a lubricant such 
as magnesium stearate; disintegrant such as fibrous calcium gluconate; a stabilizer such as etherifiod 
cyclodextrin. for example, a. ^- or -rcydodexb^in, dimethyl-a, dimettiyl->S-, tr\meihy\-0- or hydroxypropyl-^- 
cyckxlextrin, branched cyckxiexbin such as glucosyl-, mattosyl-cydodextirin. fonmylated cyclodextrin. 
cyclodextrin containirtg sulfur, mitthoprotol, and phospholipid. When the atx>ve cyclodextrins are used, an 
inclusion compound with cyclodextrins may t>e sometimes formed to enhance statnlity. Alternatively, a 
phospholipid may be sometinoes used to form a liposome, resulting in enhanced stability. 

Tablets or pills may t>e coated with a film material which is solut>le in the stomach or intestine such as 
sugar, gelatin, hydroxypropyl cellulose and hydroxypropylmethyl cellutose phthalate. or with more than two 




a mor>oalkyl copper complex or a dialkyi copper complex of the formula: 
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layers. Further, they may be formed as capsules with at>sort>able substances such as gelatin. 

A liquid composition for oral administration nrtay contain a pharmaceutically acceptable emulsion, 
solution, suspension, syrup, elixir as well as a generally used inactive diluent, for example, purified water, or 
ethanol. Such a composition may contain, in addition to the inactive diluent, adjuvants such as wetting 
agents and suspensions, sweetening agents, flavoring agents, and preservatives. 

Other compositions for oral adminstration include a spray formulated by known method, which may 
contain one or more active ingredients. 

Injection for parenteral administration accordir>g to the present invention includes a sterile, aqueous or 
noruK^ueous solution, suspertston and emulsion. 

A diluent for such an aqueous solution and suspension includes, for example, injectable distilled water, 
physiological saline aruJ Ringer's solution. 

A diluent for non-aqueous solution and suspension includes, for example, propylene glycol, polyethyl- 
ef>e glycol, vegetable oil such as olive oil. alcohols such as etfiarKrf. and potysort>ate. Such a composition 
may contain adjuvams such as preservatives, wetting agents, emulslfiers, dispersants and stabilizers. These 
are sterilized, for example, by filtration through a bacteria-holding filter, compounding with germicides, gas 
sterilization or radio-steriUzation. These may be used by preparing a sterile solid composition and dissolving 
in sterile water or sterile solvent for injection before use. 

The coltyrium accordirtg to the present irwention may include a sterile aqueous or non-aqueous 
solution, or suspension. The diluent for such an aqueous solution or suspension ir^cludes, for example, 
distilled water or a physiologtcal saline. The diluent for the rK>r>-aqueous solution or suspension may include 
an edit>le oil. liquid paraffin, mineral oil, propylene glycol, and p-octyldodecanol. Furlt>er. in order to make 
the compositions isotonic to tears, isotonic agents such as sodium chloride. t)enzalkonium chloride. 
pf>edrine chloride, procair>e chloride, chloram phenicol. and sodium citrate may t>e used. Attematively. in 
order to maintain the pH value constant, a t>uffer such as a borate or phosphate buffer may be used. 
Moreover, statkirizers such as sodium sulfite, sodium cartxxiate, EDTA. propylene glycol; thickening agents 
such as glycerin, carboxymethyl cellulose, cariDOxyvinyl polymen diluents such as pofysorbate, macrogois. 
alminum monostearate; preservatives such as parat>en. benzyl alcohol, sorbic add; and further resolvents, 
vehicles may be compounded. These may be sterilised, for example, by the firtration ttirough a t)actefia- 
hokiir>g fitter or heat sterilisation. In the preparation of collyrium. pH value and \on strer^gth of tt>e agent are 
especially important. ar>d they may t>e optionally adjusted to the optimal value depending on the types and 
arTKMjnts of other active ingredients or additives used. 

The ocuientum accordirig to tiie present invention may contain vaseline, selen 50, pastibase, macrogois 
as a t>ase, arxjl surfactant such as polysoft>ate, Tween®. purified lanolin. Jelly such as cartx^xymethyl 
cellulose, methyk:ellulose, carboxyvinyl polymer to enhance hydrophilism. 

The ocular hypotensive agent of the present invention may be used as a remedy for glaucoma utilizing 
its ocular hypotensive potency. When used as the remedy for treatmerrt of glaucoma, the present agents 
may t>e compounded with conventional cholinergic ocular hypoterisive agents (e.g.. pilocarpine, carbachol, 
which possesses excellent miotic activity) antichofinesterases (e.g., demecarium. O.F.P., echothiophale), 
physostigmine salicylate, pikx:arpir>e hydrochk>ride as mk>tics. mannitol. glycerin. isosort>ide as hyperos- 
moOc agent for intraverKHis injection. chlorotMitarK>l. t)enzalkonium chk)ride. propylparat>ene. methylparaben. 
ethylparaben, butylparaben as preservatives for collyrium, penk:illin, sutfortamide. chloramphenicol, cor- 
tisone. chk)rpheniramine for prevention and treatment of other inflammation. 

The present invention will be illustrated in the followir^ examples. 

Preparations 



Preparations of 13.14-dihydro-15-keto-2(>^tfiyhPGA2 isopropyl ester. 13.14-dihydro-15-keto-20-etfiyl- 
PGE2 isopropyl ester and 13.14-dihydro-15-keto-20-ethyl-PGF2a isopropyl ester (cf. Preparation chart 1): 

1) Preparation of lS-2H)xa-a^xo-6R-(3-oxo-l-tiws-decenyl>-7R-(4-phenylbenzoyloxyH;is-bicyclo[3.3.0J- 
octane (3): 

Commercially available (-)-Corey lactone (1) (7 g) was sufc>jected to Collins oxidation in dich- 
loromethane to give aldehyde (2). The resultant was allowed to react with dimetiiyl (2-oxononyl)- 
phosphonate (4.97 g) ankxi to give 1S-2-oxa-3-oxo-6Fl-(3.3-ethylendioxy-1-trans-decenyl)-7R-(4-phenyl- 
benzoyloxyH:js-tMcyclo[3.3.0hoctane (3). 

2) Preparation of 1S-2-oxa-3-oxo-6R-(3-oxodecyl)-7R-(4-phenylbenzoyk>xy)K;is-bicyck)(3-3.0]-oct^ (4): 

Unsaturated ketone (3) (TJBO g) was reduced in ettiyl acetate (170 ml) using 5% Pd/C under 
hydrogen atmosphere. The product obtained after the usual work-up (4) was used in the following 
reaction. 
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3) Preparation of 1S-2'<ixa-3-axo-eFV^3.3-ethylenedioxy-decyl)-7FH4-phenylb9n^ 
[3.3.0hoc(ane (5): 

Saturated ketone (4) was converted to ketal (5) in dry l>enzene (ISO ml) using ethylene glycol and p- 
toluenesulfonk: ackl (catalytic amount). 

4) Preparation of lS-2-oxa-3H)xo-6R-(3,3-ethylenedioxy-decyl>-7R-hydroxyK:is-bk:yck)[3.3.0}KX^ (6): 

To a solutkm of ketal (5) in absolute methanol (150 ml) was added potassium carbonate (2.73 g). 
The mixture was stirred ovennight at room temperature. After neutralization with acetic add. the resultant 
product was concentrated under reduced pressure. The resulting crude product was extracted with ethyl 
acetate. The organk: layer was washed with a dilute aqueous solution of sodium bicartxxiate and a 
saline, and dried. The crude product obtained after evaporatkm was chromatographed to give alcohol (6). 
rield; 3^1 g 

5) Preparatkxi of lactol (7): 

Alcohol (6) (0.80 g) was reduced in dry toluene (8 ml) using DIBAL-H at -78 * C to give lactol (7). 

6) Preparatkm of 13.1 4^ydro-1 5.1 5-ethylenedk>xy-20-6thyl-PGF2a (8): 

A DMSO solution of lactol (7) was added to ylide prepared from (4-carboxybutyl)- 
triphenylphosphonium bromide (3.65 g). The reactkxi mixture was stirred overnight to give carboxylic 
add (8). 

7) Preparation of 13.14-dihydro-15.15-ethy«enedk)xy-20-6thyt-PQF2a isopropyl ester (9): 

Cartxjxylte ackJ (8) was converted to 13.14-dihydro-15,15-ethylenedioxy-20-ethyl-PGF2a isopropyl 
ester (9) using DBU and isopropyl iodide in acetonitrile. 
Yield: 0.71 g 

8) Preparatktn of 13.14-dihydro-15-keto-2C>-ethyl-PGF2a isopropyl ester (10): 

13,14-Dihydro-15.15-ethylenedioxy-20-ethy!-PGF2a isopropyl ester (9) (0.71 g) was kept in acetic 
acid/THF/water (3^/1) at 40 for 3 hours. The cmde product obtained after concentration under 
reduced pressure was chronrwtographed to give 13,14-dihydro-15-keto-20^thyl-PGF2a isopropyl ester 
(10). 

YiekJ; 0.554 g 

9) Preparatkxi of 13,14<dihydro-15-keto-20-ethyl-PGA2 isopropyl ester (12): 

A solutron of 13.14-dihydro-15-keto-20-ethyl-PGF2a isopropyl ester (10) (0.125 g) and p-toluenesul- 
fonyl chkwide (0.112 g) in pyridine (5 ml) was maintained at 0 'C for 2 days. According to the usual 
work-up. tosylate (11) was otitained. 

Tosylate (11) was subjected to Jones oxidation in acetone (8 ml) at -25 *C. The crude product 
obtained after ttw usual work-up was chronrtatographed to give 13.14-dihydro-15-keto-20-ethyl-PGA2a 
isopropyl ester (2). 

rield: 0.060 g 

10) Preparation of 13.14-dihydro-15,15-ethyl0nedk)xy-2O-ethyl-11-t-butyldimethylsiloxy-PGF2a isopropyl 
ester (13): 

13,14-Oihydro-15.15-ethylenedioxy-20-ethy»-PGF2a isopropyl ester (9) (3.051 g) was dissolved in dry 
N.N-dinwthylformamkJe (25 ml), t-butyklimethylsilyl chtoride (1.088 g) and imidazole (0.49 g) was added 
thereto. The resultant was stirred at room temperature overnight The reaction mixture was concentrated 
under reduced pressure, and the resulting crude product was chromatographed to give 13.14^ihydro- 
15.15-ethy«eoedk)xy-2(>^thyl-im-butyldimethylsik)xy-PGF2a isopropyl ester (13). 

Yield; 2.641 g 

11) Preparatkxi of 13,14-dihydro-15.15-othylenedioxy-20-ethyl-11-t-butyklimethylsiloxy-PGE2 isopropyl 
ester (14): 

13.14-Dihydro-15,15-ethylenedioxy-20-ethyl-1 1-t-butykJinr>ethylsiloxy-F»GF2a isopropyl ester (13) 
(1^57 g) was sut^ected to Jones oxkiation at -40 *C. After the usual work-up. the resulting crude 
product was chromatographed to give 1 3.1 4-dihydro-1 5.1 5-ethylenedioxy-20-ethyl-1 1 -t-butyl- 
dimethyisiloxy-PGEz isopropyl ester (14). 

YiekJ; 1.082 g 

12) Preparatkxi of 13.14<lihydro-15-keto-20-ethyl-PGE2 isopropyl ester (15): 

To a solution of 13.14-dihydro-15,15-ethyl©nedioxy-20-ethyl-11-t-butykJimethylsiloxy-PGE2 isopropyl 
ester (14) in acetonitrile was added hydrofluorw add (46% aqueous solution). The mixture was stinred at 
room temperature for 40 minutes. The crude products obtained after usual work-up was chromatog- 
raphed to give 13.14-dihydro-15-keto-20-othyl-PGE2 isopropyl ester (15). 

Yield: 0,063 g (97 %) 
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Example 1 

For the purpose of tonometry. Japanese Whtte male rabbfts (2.5 - 3.0 Kg) were fixed on braces. After 
topical anesthetization with 0.4 % oxybuprocaine hydrochloride, Intraocular pressure was measured using a 
pheumatic applanation tonometer (manufactured by Japan Alcon). After the topical application of y-O u l of 
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the suspensions of the test drugs in a physiological saline to one eye, the intraocular prese 
measured and the intraocular pressure reduction (%) caused by each test drug was calculated. At U : 
time, the extent of conjunctival hyperemia was ot)served. The results are shown In Table l . 

* The extent of conjunctival hyperemia: 
scarcely observed 
±: extremely weak hyperemia 

-t-: slight hyperemia 
H-^: pronounced hyperemia 
+++: severe hyperemia 
Table 1 (1) 



Test Drug Dose Percent change Hyperem^ 
(yg/eye) of lOP 

(1) 100 22 

(2) 100 26 ' 

(3) 100 24 

(4) 100 30 

(5) 100 31 

(6) 100 33 

(7) 50 23 

(8) 50 27 

(9) 100 40 * ^ 
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Test drugs: 

(1) 13rl4-dihydro-15-keto-PGA3^ methyl ester 

(2) 13,14-dihydro-15-Jceto-PGA2^ isopropyl ester 

(3) 13,14-dihydro-15-keto-PGA2 ethyl ester 

(4) 13,14-dihydro-15-keto-PGA2 isopropyl ester 

(5) 13,14-dihydro-15-keto-20-ethyl-PGAj^ methyl ester 

(6) 13,14-dihydro-15-keto-20-ethyl-PGA3^ isopropyl ester 

(7) 13,14-dihydro-15-keto-20-ethyl-PGA2 methyl ester 

(8) 13,14-dihydro-15-keto-20-ethyl-PGA2 isopropyl ester 

(9) PGA2 



Table 1 (2) 

Test Drug Dose Percent change Hyperemia 

(wg/eye) of lOP 



(10) 


250 


7 


+ 


(11) 


250 


10 




(12) 


250 


15 




(13) 


250 


20 




(14) 


250 


21 




(15) 


250 


23 




(16) 


100 


18 




(17) 


100 


20 




(18) 


250 


25 


+ + 



Test drugs: 

(10) 13,14-dihydro-15-keto-PGBj^ methyl ester 

(11) 13,14-dihydro-15-keto-PGB, isopropyl ester 
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(12) 13,14-dihydro-15-keto-PGB2 methyl ester 

(13) 13,14*dihydro-lS-keto*PGB2 isopropyl ester 

(14) 13,14-dihydro-15-keto-20-ethyl-PGBj^ methyl ester 

(15) 13rl4-dihydro-15-keto-20-ethyl-PGBj^ isopropyl ester 

(16) 13,14-dihydro-15-keto-20-ethyl-PGB2 methyl ester 

(17) 13,14-dihydro-15-keto-20-ethyl-PGB2 isopropyl ester 

(18) PGB2 

Table 1 (3) 



Test Dru9 Dose Percent change Hyperemia 

lug/eye) of lOP 

(19) 250 8 + 

(20) 2S6 11 ^ 
f21) 250 IB ♦ 

(22) 250 20 ^ 

(23) 250 20 

(24) 250 22 

(25) 100 21 

(26) 100 25 

(27) 250 23 ++ 



Test drugs: 

(19) 13,14-dihydro-15-keto-PCCj^ Mthyl ester 

(20) 13,14-dihydro-15-kcto-PGCj^ isopropyl ester 

(21) 13,14-dihydro-15-keto-PGC2 methyl ester 

(22) 13,14-dihydro-15-keto-PGC2 isopropyl ester 

(23) 13,14-dihydro-15-k€to-20-ethyl-PGCi methyl ester 
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(24) 13,14-dihydro-15-keto-20-ethyl-PGC3^ isopropyl ester 

(25) 13,14-dihydro-15-keto-20-ethyl-PGC2 methyl ester 

(26) 13,14-dihydro-15-keto-20-ethyl-PGC2 isopropyl ester 

(27) PGCj 

Table 1 (4) 

Test Drug Dose Percent change Hyperemia 
(pg/eye) of lOP 





(28) 


250 


15 


± 




(29) 


250 


17 


± 


20 


(30) 


250 


20 


± 




(31) 


250 


18 


± 


25 


(32) 
(33) 


250 
250 


21 
25 


± 
± 




(34) 


250 


23 


± 


30 


(35) 


100 


13 


+ 




- (36) 


250 


28 


± 




(37) 


250 


30 


± 


35 


(38) 


250 


24 


± 




(39) 


250 


28 


± 


40 


(40) 


250 


31 


± 




(41) 


100 


18 






(42) 


100 


20 




45 


(43) 


100 


25 




SO 


Test drugs 
(28) 13,14 


-dihydro-15-keto-PGD3^ 


methyl ester 





10 



•fC 



16 



EP 0 308 135 B1 



(29) 13, 14-dihydro-15-keto-PGDj^ ethyl ester 

(30) 13,14-dihydro-15-keto-PGD2 ethyl ester 

(31) 13,14-dihydro-15-keto-PGD2 n-butyl ester 

(32) 13,14-dihydro-15-lteto-5/6-dehydro-PGD2 methyl ester 

( 33 ) 13 , 14-dihydro-15-keto-S , 6-dehydro-9$-PGD2 
{ 34 ) 13 , 14-dihydro-15-keto-5 , 6-dehydro-9a-PGD2 

methyl ester 

(35) 13,14-dihydro-15-keto-16R,S-fluoro-PGD2 methyl ester 

(36) 13rl4-dihydro-15-keto-16,16-dimethyl-PGD2 methyl ester 

(37) 13,14-dihydro-15-X«to-19-iiethyl-PG02 methyl ester 

( 38) 13,14-dihydro-15-keto-20-niethoxy-PGD2 

(39) 13,14-dihydro-15-keto-20-«ethoxy-PGD2 n-butyl ester 

( 40) ^ 13,14-dihydro-15-keto-16R,S-methyl-20-methoxy-PGD2 

methyl ester 

(41) 13,14-dihydro-15-keto-20-ethyl-PGD3^ methyl ester 

(42) 13,14-dihydro-15-keto-20-ethyl-PGD3^ ethyl ester 

(43) 13,14-dihydro-15-ket©-20-ethyl-PGD2 methyl ester 

Table 1 (4) (continued) 

Test Drug Dose Percent change Hyperemia 
(iig/eye) of TOP 

(44) 100 

(45) 100 

(46) 250 



23 
20 

28 +++ 
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Test drugs: 

(44) 13,14-dlhydro-15-keto-20-ethyl-PGD2 ethyl ester 

^ (45) 13,14-dihydro-15-keto-20-methoxyethyl-PGD2 methyl ester 

(46) PGD2 

10 

15 
20 
25 
30 
35 
40 
45 
SO 
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Table 1 (S) 



Test Drug Dose Percent change Hyperemia 
(yg/eye) of lOP 

(74) 100 28 + 

(75) 100 22 + 

(76) 100 33 + 

(77) 100 38 + 

(78) 20 25 + 

(79) 10 42 ± 

(80) 100 41 + 

(81) 250 21 + 

(82) 250 40 + 

(83) 100 33 ± 

(84) 25 17 

(85) 50 28 

(86) 50 28 

(87) 50 25 

(88) 50 23 

(89) 250 23 + 



Test drugs: 

(74) 13,14-dihydro-15-keto-PGF3^o ethyl ester 

(75) 13,14-dihydro-15-keto-PGF2a methyl ester 

(76) 13,14-dihydro-15-keto-PGF2<i ethyl ester 

(77) 13,14-dihydro-15-keto-9B,llo-PGF2 methyl ester 

(78) 13,14-dihydro-15-keto-16R,S-fluoro-PGF2c 

(79) 13,14-dihydro-15-keto-16R,S-f luoro-PGF20 methyl ester 
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(80) 13,14-dihydro-15-keto-16R,S-f luoro-ll-dehydroxy-llR- 
methyl-PGFjo methyl ester 

(81) 13,14-dihydro-15-keto-16,16-dimethyl"PGF2a ethyl ester 

(82) 13,14"dihydro-15-keto-17S-methyl-PGP2a ethyl ester 

(83) 13,14-dihydro-15-keto-20-ethyl-PGF^a methyl ester 

(84) 13,14-dihydro-15-keto-20-ethyl PGFja 

(85) 13,14-dihydro-15-keto-20-ethyl PGFjo methyl ester 

(86) 13,14-dihydro-15-keto-20-ethyl PGFjo ethyl ester 

(87) 13,14-dihydro-15-keto-20-ethyl PGFja isopropyl ester 

(88) 13,14-dihydro-15-keto-20-ethyl PGFja n-butyl ester 
<89) 13,14-dihydro-15-keto-20*methyl PGFja methyl ester 



Table 1 (5) 


(continued) 






Test Drug 


Dose 
(wg/eye) 


Percent change 
of lOP 


Hyperemia 


(90) 


250 


25 


± 


(91) 


250 


26 




(92) 


25 


43 


± 


(93) 


10 


26 


± 


(94) 


250 


30 




(95) 


250 


18 




(96) 


100 


46 


it 

+ + 


(97) 


25 


27 


+ + + 


(98) 


25 


31 


+ + + 



* : Lid closure and lacrimation were observed. 
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Test drugs: 

^ (90) 13rl4-dihydro-15-keto-20-n-propyl-PGp2« methyl ester 

(91) 13,14-dihydro-15-keto-20-n-butyl-PGP2o methyl ester 

(92) 13,14-dihydro-15-lceto-20-ethyl-16R,S-f luoro-PGFja 
10 (93)13 , 14-dihydro-15-keto-20-e thyl-16R, S-f luoro- 

PGF2a methyl ester 

(94) 13,14-dihydro-15-keto-20-ethyl-ll-dehydroxy-llR-ro€thyl- 
PGP2a methyl ester 

(95) 13,14-dihydro-15-keto-20-ethyl-16R,S-fluoro-ll- 
dehydroxy-llR-methyl-PGP2a netbyl ester 

(96) PGF2CI 

(97) PGP2a methyl ester 

(98) PGF2a isopropyl ester 



15 



20 



25 



The n.m.r. of the above compounds used in the Example 1 and Mass are shown hereinafter: 
H n.mj'. was determined (using heavy chlorofomn as a solvent) by a R-90H NMR spectrometer available 
30 from Hitachi Seisalcusho. 

Mass was determined by a M-80B mass spectrometer available from Hitachi Selsaku-sho; 
El method: at ionization patential of 70 eV. SIMS n>ethod: silver plate-glycerin matrix. 

Compound (3) 

35 

6 : 0.88(3H, t. J = 6H2). 1^5(3H. t J = 7Hz). 1.10 - 2.75(22H, m). 4.11(2H. q, J=7H2), 5-37(2H. m). 6.12(1H, 
dd. J=6H2. J = 2.5Hz). 7.53(1 H, dd. J = 6Hz. J = SHz) 

Compound (8) 

40 

5 : 0.86{3H, t J = 5.5Hz). 1^1(6H, d. J = 6H2). 1 .05-2.75(26H. m), 4.96(1 H. hept. J = 6Hz), 5.37(2H. m). 6.09- 
(1 H. dd. J = 6Hz. J = 2Hz. 7.50(1 H. J = CHz. J = 2.5H2) 
MassCEl) m/z 404(M*). 346(M* - i- C3H7O) 

45 Compound (30) 

« : 0.89(3H. t, J = 6H2), 1.26{3H, t J = 7Hz). 1.06 - 2.93(25H, m). 4.13(2H. q. J = 7Hz). 4.41(1H, m), 5.47(2H. 
m) 

50 Compound (34) 

5 : 0.89(3H. t J=:6Hz). 1.09 - 2.96(25H, m). 3.63(3H, s). 4.19(1 H. m) 
Compound (35) 

55 

5 : 0.91(3H. t J = 6H2). 1.1 - 2.93(23H. m), 3-64(3H, s). 4,3 - 4.5(1.5H. m). 4.98(0.5H, dd. J=6Hz). 5.50(2H. 
m) 

Mass(SIMS) m/z 385(M + H)*. 367(M* + I-H2O). 365(M* + 1-HF) 
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Compound (37) 

5 : 0.86(6H, d. J«7Hz), 0.94 - 2^(24H. m). 3.64{3H. s). 4.38(1 H. m). 5.43(2H, m) 
Mass(EO m/z 380(M ). 362(M -HaO). 331. 234, 222 

5 

Compound (40) 

B : 1 05(3H. d. J = 7H2), 0.80 - 233(24H. m). 3.28(3H, s). 3.32(2H. t J =6H2). 3.64(3H. s). 4.29 - 4.47(1H m) 
5.44(2H, m) V » /. 

TO 

Compound (45) 

6 : 1.10 . 2.95(29H. m), 3^3H. s). 3.33(2H. t. J=6H2). 3.66{3H. s), 4.38(1H, m), 5.44(2H, m) 
T5 Compound (83) 

« : 0.87(3H. t J-OHz). 1.15 - ^70(34H, m). 3.63(3H. s). 3.86(1H. m). 4.15(1H. m) 
Mass{EI) m/2 398(M )^(M -18).3e2.349 

20 Compound (84) 

B : 0.86(3H. t J=eHz), 1.15 - 2.70(28H. m). 3.85(1H. m). 4.12(1H. m). 5.10 ■ 5.75(5H. m) 
Mass(EI) m/z 364(M -18), 346 

25 Compound (85) 

« : 0.87{3H. t J = 6H2). 1.10 - 2.e5(30H, m). 3.63(3H. s), 3-85(1H, m). 4.13(1H. m). 5.38(2H m) 
Mass(SIMS) m/z 397(M +1).379(M + I-H2O). 361 {M% I.2H2O). 345.330 

30 Compound (86) 

! ^-^0 ■ 2-Q5(30H. m). 3.e5(1H. m). 4.08(2H. q. J = 7H2), 3.93 - 

4.25(1 H. m). 5.38(2H, m) 

Mass{EI) m/z 410(M*),392(M*-18),374 

35 

Compound (87) 

'.i^lu^^VJ.:^^^^^ ^' J = 6.5Hz). 1.10 - 2.75(30H. m), 3.85(1H. m). 4.13(1H. m). 4.95(1H. hepU 

40 Mass(EO m/z <24(M*).406(M*-18).388.347 
Compound (88) 

« °'^n ^'^^ ■ ^ O^^H. t. J = 6.5Hz). 4.10(1 H. m). 5.38(2H. m) 

45 Mass(EI) m/z 420(M ).402(M -18),376.347 \ • ' 

Compound (89) 

\l ' '"^^ ^-^2(38. s). 3.83(1H. m), 4.12(1H. m). 5.37(2H, m) 

50 Mass(SIMS) m/z 383(M + 1). 365(M +1-18). 347 

Compound (90) 

a : 0.87(3H, t J = 6Hz). 1.10 - ^70(32H. m). 3.63(3H, s), 3.85(1H. m). 4.12(1H. m). 5.38(2H. m) 
Compound (91) 

5 : 0.87(3H. t. J = 6Hz). 1.10 - 2.70(34H. m). 3.63(3H. s), 3.83(1H. m), 4.12(1 H. m). 5.38(2H, m) 
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Compound (02) 

'a'^oS!^' \ i'^il ' •">• '*-'2(1H. m). 4.43(05H. m). 4.50 - 5.10(3H. brs. 

s Mass(EI) mAc 400(M*), 382(M*). 3a2(M*-18).362.344 
Compound (94) 

fo Mas3(EI) m/2 394<M ). 375(M -18). 358,344 ' /■ \ . / 



Compound (95) 



Mass(EI) m/i! 412(m*). 394{M^18) 
Example 2 



aneSlh^^!!Tt °"°"«"«!^- .''«P««« ^Vhito n,aJe rabbte (2.5 Kg - 3.0 Kg) were fixed on braces. AHer 
anesthetization by top«aJ application of 0.4 % o)cybuprocaine hydrochloride, the intraocular pressure wa- 
delennined using a pheumatic applanation tonometer (manufactured by Japan Alcon K K ) 

The test drugs were suspended in a physiological saline, and a SO ul aliquot (25 wg/eye of the to^! 
^ J!^ topica^hr app«od to one eye. while the other eye received physiological saline. A. every 0.5 

25 topical appHc^. up to 2 hr. the Intraocular pressure was measured and side effects were ohsrw^i 
experiment 6 rabbfts per group were used, and mean value of the inir.-io^.,. « 
pressure of the treated eye (the change (mmHg) provided that the intraocular pressure at 0 l„ is o) 
rating of the assessment of the side effects at each time were determined. The side effects wor., r.,r.-: 
according to the following standard. 
00 TT» results are shown in Tables 2 and 3. 



Table 2 



(Charge 


» in intraocular pressure; Means ± S.E. mmHg) 


Test Drug 


Tinoe (hr) 


0,5 


1.0 


1.5 


2.0 


1 
4 

2 
5 
3 
6 


-1.7±0,5 
+ 4.0±1.1 
-2,9±0.7 
+ 5.31:0.8 
-2,3±1.0 
+ 2.2±1.1 


-3.5±1.0 
+ 0.8t1.4 
-5.411.5 
+ 10.310.4 
-4.311.9 
+ 3.812.5 


-2.511.4 
+ 0.511.0 
-6.411.1 
+ 5.411.4 
-4.811.1 
+ 1.511.9 


-1.2+1.8 

-0.511.9 

-6.311.1 

+ 0.211.4 

-4.810.7 

-1,011,8 



so 



55 
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Table 3 



(Evaluation of $tde effects) 


Tost Drug 


Timo (hr) 


0^ 


1.0 


1.5 


2.0 


1 


2.2t0.2 


2.0±0,3 


1.5t0.2 


1^±0.4 


4 


3.2+0.4 


3.at0.6 


2.8±0,5 


2.5±0.3 


2 


2.8±0.3 


3.1 ±0.3 


2,7±0.4 


2^±0.5 


5 


S.OtO.O 


5^0.2 


S.OtO.O 


4.82:0-2 


3 


2.0±0.4 


2.3±0.6 


2.010.5 


1.7±0.7 


6 


5.0±0.0 


5^±0.2 


5.3±0.2 


5.310.3 



Standard of the evaluation of the side effects (ocular response) 
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Scale for ficQ ring Ocular Lesions 

1) Cornea 

A) Opacity-degree of density (area most dense 
taken for reading) 

No Opacity 0 

Scattered or diffuse area, details of iris 
clearly visible 1 

Easily discernible translucent areas, 

details of iris slightly obscured 2 

Opalescent areas, no details of iris 
visible, size of pupil barely 

discernible 3 
Opaque, iris invisible 4 

B) Area of cornea involved 

One quarter (or less) but not zero 1 

Greater than one quarter, but less 

than half 2 

Greater than half, but less than 

three quarters 3 

Greater than three quarters, up to 

whole area 4 

^ ^ ^ ^ S Total maximum = ( 

2) Iris 
A) Values 

Normal q 

Folds above normal, congestion, swelling, 
circumcorneal injection (any or all of 
these or combination of any thereof) 
iris still reacting to light (sluggish 
reaction is positive) 1 

No reaction to light, hemorrhage, gross 
destruction (any or all of these) 2 



A X 5 



Total maximum 
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3) Conjunctivae 

A) Redness (refers to palpebral and bulbar 

conjunctivae excluding cornea arid iris) 

Vessels normal 0 

Vessels definitely injected above norinal 1 

More diffuse, deeper crimson red, individual 
vessels not easily discernible 2 

Diffuse beefy red 3 

B) Chemosis 

No swelling 0 

Any swelling above normal (includes 
nictitating membrane) 1 

Obvious swelling with partial eversion 

of lids 2 

Swelling with lids about half closed 3 

Swelling with lids about half closed 

to completely closed 4 

C) Discharge 

No discharge 0 

Any amount different from normal 

(dose not include small amounts observed 

in inner canthus of normal animals) 1 

Discharge with moistening of the lids 

and hairs just adjacent to lids 2 

Discharge with moistening of the lids 

and hairs, and considerable area 

around the eye 3 

Score (A' + B + C) X 2 Total maximum 
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Test Drugs : 

1. 13,14-dihydro-15-keto-20-ethyl-PGF2o 

2. 13,14-dihydro-15-keto-20-ethyl-PGF2a methyl ester 

3. 13,14-dihydro-15-keto-20-ethyl-PGF2a isopropyl ester 

4. PGFja 

5. PGF2a methyl ester 

6. PGF2a isopropyl ester 

As is obvwos from above results, 13.14<lihyd^o-15-kefe>•20-alky^PGs including 13,14-dihydro-15-keto- 
2(>^yl-PGF2S cause intraocular pressure reduction without transient ocular hypertensive response con- 
nected with PGs including PGF2S. Esters are proved to have a stronger tendency to cause intraocular 
pressure reduction than cartwxyl acid type. Compared with PGs including PGF2S. 13.14-dihydra-15-keto-20- 
alkyl-PGs including 13,t4^hydro-t5-keto-20-ethyl-PGF2S are accompanied with extremely reduced side 
effects, which are hardly detectat>le. 

aaims 

Claims for the following Contracting States : AT, BE, CH, DE, FR, IT, U, UJ, NL, SE 

1. The use of 13.14-dihydro-15HcetDi)rostaglandin A. B. C. D. F or J for the manufacture of a medicament 
for the treatment of ocular hypertension. 

2. The use according to Claim 1. wherein the cartxwcyl group at the end of the cr-chain in the 13.14- 
dihydro-15-keto-prostaglandin is in the form of an alkyi ester, 

3. The use according to Claim 1. wherein the 13.14-dihydro-15-keto-prostaglandin is in the form of 20- 
alkyl having an alkyl group at the C-20 position. 

4. The use as claimed in aaim 1, wherein the 13.14-dihydro-15-keto-prostaglandin is a 13.14<lihydro-15- 
keto-20-ethyl-prostaglandin. 

5. The use as claimed in aaim 1. wherein the 13,14-dihydro-15-keto-prostaglandin is a 13.14^ihydro-15- 
keto-20-ethyl-prostaglandin F. 

6. The use as claimed in aaim 1. wherein the 13.14-dihydro-15-keto-prostaglandin is a 13.14KJihydro-15- 
keto-20-ethyl-prostagtar)din F2a isopropyl ester. 

7. Use of 13.14-dihydro-15-keto-prostaglandin A, B, C. D, F or J for the manufacture of medicament for 
treatment of glaucoma. 

Claims for the followring Contracting States : ES, OR 

1. A method of producing an ocular hypotensive agent comprising admixing one of 13.14-dihydro-l5-keto- 
prostaglandin A, B. C, D. F or J and a pharmaceutically acceptable canier, 

2. A method as claimed in claim 1. wherein the cartwxyl group at the end of the a^^hain in the 13,1 4- 
dihydro-15-keto-prostagIandin is in the fonm of an alkyI ester. 

3. A method as claimed in claim 1, wherein the 13.14-dihydro-15-keto-prostaglandin is in the form of 20- 
alkyl having an aUcyl group at the C20 position. 
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4. A method as claimed in claim 1, wherein the 13.14-dihydro-15-keto-prostaglandin is a 13.14-r1ihydro • 
keto-20-ethyl-prostaQlandin 

5- A method as claimed in daim 1. wherein the 13.14-dihydro"l5-keto-prostaglandin is a 13,14-dihyclro t > 
ketD-20-ethyi-prostaglandin F. 

6. A method as claimed in claim 1. wherein the 13,14Klihydro-15-keto-prostagiandin is a 13.14-dihyclro-t ^ 
keto20^y|-prostaglandtn Fza isopropyl ester. 

7. A method of producing an agent for the treatment of glaucoma agent comprising admixing one of 
13.14-dihydro-15-lcoto-prostaglandin A. C. D, F or J and a pharmaceutically acceptable carrier. 

PatentansprUche 

Patentanspftiche ttr folgende Vertragsstaaten : AT, BE, CH, DE. FR, IT, U, LU, NL, SE 

1- Ve^yendung von 13.14-Dihydro-15-keto-prostaglandin A. B. C, D. F oder J fur die Herstellung eino^ 
Arzneimittels fOr die Behandlung von Okularhypertonie. 

2. Veofvendung nach Anspruch 1. dadurch gekennzelchnet, dafi die Cartwxylgruppe am Ende der 
Kette in dem 13.14-Dihydro-15-keto-prostaglandin in Form eines Alkylesters vorliegt, 

3. Ven«rendung nach Anspruch 1. dadurch gekennzelchnet, daB das 13.14-Dihydro-15-k0to-prostaglanc1in 
in Fom^ einer 20-Alkylvert)indung mit einer Alkylgruppe in der C-20-StelIung voriiegt. 

4. Ven*vondung nach Anspruch 1, dadurch gekannzelchnet, dafl das 13.14-Dihydro-15-keto-prostaglann:n 
e*n 13.14-Dihydro-15-keto-20-ethyl-prostagIandin ist 

5. Verwendung nach Anspruch 1, dadurch gekennzelchnet, dafl das 13,14-Dihydro-15-ke(o-prostaglandifi 
ein 13,14-Dihydro-15-keto-20-ethyl-prDStaglandin F ist. 

6. Verwendung nach Anspruch 1, dadurch gekennzelchnet, daB das 13.14-Dihydrol5-keto-prosta9lanfJJ i 
ein 13.14-Dihydro-15-ketD-20-ethyl-prostaglandin-F2a-jsopropylester ist 

7. Verwendung von 13.14-Dihydro-15^ceto-prostaglandin A. B. C. D. F oder J fur die Herstellung em..s 
Arzneimittels fOr die Behar)dlung von Gtaukom. 

Patentanspriiche «r folgende Vertragsstaaten : ES, QR 

1. Verfahren zur Herstellung eines Mittels fQr Okularhypertonie, dadurch gekennzelchnet, daB ein 13 1 4- 
Dihydro-15-keto-pro3taglandin A, B, C. D. F oder J und ein pharmazeutisch annehmbarer Traqer d^ttv 
venmischt werden. 

Z Verfahren nach Anspruch 1, dadurch gekennzaichnet, daB die Cartwxylgruppe am Ende der a-K^n^ 
in dem 13.14-Dihydro.15-keto-prostaglandin in Fomn eines AJky testers voriiegt. 

3. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dafl das l3.14-Dihydro-15-keto-prostaglanciin in 
Form einer 20-AIkylverbindung mit einer Alkylgruppe in der C-20-StelIung voriiegt. 

4, Verfahren nach Anspruch 1. dadurch gekennzelchnet, daB das 13.14-Dihydro-15-keto-prostaplanriin 
ein 1 3,1 4-Dihydro-1 &-ketD-20-ethy hprostagtandin ist 

5- Verfahren nach Anspojch 1. dadurch gekennzelchnet, daB das 13.14-Dihydro-15-keto-pfostac)lanH:n 
ein 13,14-Dihydro-15-ket)o-20-ethyl-prostaglandin F ist. 

6- Verfahren nach Anspnjch 1. dadurch gekennzelchnet, daB das 13.14-Dihydro-i5-keto-prostaglanriin 
ein 13.14-Dihydro-15-keta-20-ethyl-prostaglandin-F2a-isopropylester ist 

7. Verfahren zur Herstellung eines Mittels fOr die Behandlung von Glaukom. dadurch gekennzeichnet 
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daB ein 13,14-Dihydfo-15-keto-prostaglandin A, B. C. D. F oder J und ein pharmazeutisch annehrn^rr. 
Trfiger vermischt werden. 

Revendlcations 

Revendlcatlons pour les Etats contractants sulvants : AT, BE, CH, DE, FR, IT, U, LU, NU SE 

1. Utilisation des 13.14^ihydro-15^to-prostaglandines A, B, C. O. F ou J pour la fabrication 
medicament pour te traitenr^ent de Thypertension oculairo. 

2. Utilisation salon la revendication 1. dans laquelle le groupe cartwxyle h rextr^mit6 de la chaihe a cM^. ! ; 
13,14-dihydro-1&<:etc>ixostaglandine est sous la forme d'un ester alkyllque. 

a Utilisation salon la revendication 1. dans laquelle la 13.14^ihydro-15^to-prostaglandine est sous » . 
fonne 20-allcyla. ayant un gnoupe alkyle h la position C-20. 

4. Utilisation selon la revendk:ation 1. dans laquelle la 13.14<lihydro-15^to^rostaglandine est urv. 
1 3.1 4-dihydro-1 5-c6to-20-dthyl-pfostaglandine, 

5. Utilisation selon la revendk:ation 1. dans laquelle la 13.14^ihydro-15^to-prostaglandine est ur^n 
13.14-dihydro-15-ceto-20^thyl-prostaglandine F. 

6. Utilisation selon la revendfcation 1. dans laquelle la 13.14^ihydro-15-c6to-pfostaglandine est ur^^ 
13,14-dihydro-15-ceto-20-6thyl-prostaglandine F2a, ester isopropylique. 

7. Utilisation das 13,14^ihydro-15K:6to-prostaglandines A. B, C. D. F ou J pour la fabrication ri'Hn 
n>6dicament pour le traitement du glaucome. 

Reveridlcattons pour les Etats contractants sulvanU : ES, GR 

1. Proc^ de preparation d'un agent hypotenseur oculaire comprenant le melange d'une des i3 14- 
dihydro-15<6toi)rostaolandines A. B. C. D, F ou J et d'un support phannaceutiquement accGptat)io ' 

2. Proc^ seton la revendk:ation 1. dans lequel le groupe cartwxyle k rextr^mrte de la chaTne a dAn<; 
13,14-dihydro-15-c^to-prostaglandine est sous la tonne d'un ester alkyllque. 

3. Proc666 seton la revendication 1. dans lequel la 13,14-dlhydro-t5-c6to-prostaglandine est sous In formo 
20-alkyle, ayant un groupe alkyle k la position C-20. 

4. Proc^ selon la revendication 1. dans lequel la 13.14KJihydro-15<^to-prostagIandine est ur>e 13 14- 
dihydro-1 &<:dto-20-6thyl-prostaglandine. 

6. Procddd selon la rovendkation 1. dans lequel la 13.14-dihydro-15^to-prostaglandine est une 13 14- 
dihydro-1 5-c^to-2(K6thyt-prostagtandine F. 

6. Proc^ selon la rovendfcation 1. dans lequel la 13.14-dihydro-15-c^to-prostaglandine est one 13.14- 
dihydro-15-c6to-2(>-dttiyl-prostaglandine Fra. ester isopropylique. 

7. Proc6d§ de preparation d'un agent pour le traitement du glaucome. comprenant le melange d'une des 
13.14-dihydro-15-c6to-prostaglandines A, B. C, D, F ou J et d'un support pharmaceutiquement 
acceptable. 
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